Introduction
GaInNAs [1] , GaAsSb, and InAs quantum dots have been attracting much interest as an active media for long wavelength VCSELs on GaAs substrate, because there are advantages that they can be grown monolithically on GaAs/AlGaAs DBR mirror with the high reflectivity and the high thermal conductivity, and one can utilize the matured technologies established for 850-980 nm VCSELs such as AlAs selective oxidation. Since the large conduction band offset can be realized in GaInNAs/GaAs based structure, GaInNAs based material is the leading candidate for temperature-insensitive 1300nm-range VCSELs. Therefore GaInNAs based VCSEL is very promising to be used as high-speed transmission light sources for the SAN/WAN and the metro/access networks.
However, there are rooms to be improved on the crystal quality for practical applications in the 1300 nm wavelength. GaInNAsVCSELs were reported to have the high Jth of 3.5-12 kA/cm 2 [2] [3] [4] [5] [6] , which are more than twice as high as those of 850 nm VCSELs. For the solution of this problem, we have proposed GaInNAsSb QW active media [7, 8] that includes the small amount of Sb to improve the crystalline quality of GaInNAs by GSMBE growth. We obtained the very low threshold current density of 450 A/cm 2 (150 A/cm 2 /well [9] ) for in-plane lasers with triple QWs, which is the world record in 1300nm-range GaInNAs-based lasers to our best knowledge. Using this material for the active media, we accomplished the first CW operation of 1300 nm-range VCSELs and VCSEL array with the low threshold current density, the low threshold voltage and the low differential resistance [10] . In this paper, we review the state of the art of long wavelength VCSELs based on GaInNAs(Sb) QWs. Figure 1 shows the schematic diagram of a long wavelength VCSEL. The VCSEL structure with the doped p, n-DBR is grown on an n-GaAs substrate. The active layer is made up of strain-compensated Ga 0.63 In 0.37 N 0.012 As 0.972 Sb 0.016 /GaN 0.019 As 0.981 triple quantum wells. Mesa-structures buried by polyimide with current flowing aperture by the selectively oxidation of AlAs layer were prepared. . No appreciable change in output power is observed for more than 3500 hours. These results indicate that GaInNAsSb-QW is suitable material for 1300 nm VCSELs.
Fabrications and Results
After the first demonstration of GaInNAs lasers [1] , drastic improvements have been accomplished. By the use of GaInNAsSb QW instead of GaInNAs QW, further improvements on lasing characteristics including reliability for long wavelength VCSELs will be expected in near future. 
